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ABSTRACT 

In this paper, we limit the stellar content of 13 high-velocity clouds (HVCs; including 1 compact 
HVC) using the detection limits of a new survey for resolved Milky Way satellite galaxies in the Sloan 
Digital Sky Survey Early Data Release (EDR). Our analysis is sensitive to stellar associations within the 
virial radius of the Milky Way that are up to 50 x fainter than the faintest known Milky Way satellites. 
Statistically, we find no stellar overdensity associated with any of the clouds. These non-detections 
suggest lower limits of Mm/Ly that range between ~ 0.2 and 250, assuming cloud distances of 50 
and 300 kpc and using fiducial optical scale lengths of 3' and 7'. We explore the implication of these 
non-detections on the origin of the HVCs. 

Subject headings: galaxies: intergalactic medium — galaxies: formation — galaxies: dwarfs — Local 
Group: surveys . 



1. INTRODUCTION 

For decades, astronomers have struggled to determine 
the properties of the high- velocity clouds (HVCs), a pop- 
ulation of objects identified by 21 cm HI emission with 
velocities inconsistent with Galactic rotation. Recent im- 
provements in available radio survey data (e.g. the HI 
Parkes All-Sky Survey and the Leiden Dwingeloo Survey; 
Barnes et al. 2001 and Hartmann & Burton 1997 respec- 
tively) and UV instrumentation (e.g. STIS and FUSE), 
have substantially increased our understanding of these 
numerous (~ 2000 in the South alone, Putman et al. 2002) 
clouds. However, the origin of the vast majority of the 
HVC population has remained controversial. Several ex- 
planations for their presence have been suggested, includ- 
ing: a Galactic fountain; tidal or ram pressure stripping 
from dwarf galaxies; and low mass dark matter halos pre- 
dicted by currently favored cosmologies but not observed 
in optical surveys (Blitz et al. 1999, Braun & Burton 2000, 
among others). A combination of these, and other, sce- 
narios is likely necessary to explain the wide range of ob- 
served HVC properties (see Wakker & van Woerden 1997 
for overview of suggested origins and discussion) . 

One of the principle limitations in distinguishing be- 
tween these scenarios is the unknown distances to the 
clouds (e.g. Gibson et al. 2001). The most reliable dis- 
tance estimates to date have resulted from absorption line 
studies toward background stars at known distances plac- 
ing concrete upper and lower limits on the distances to a 
handful of nearby HVCs (Wakker 2001). Unfortunately, 
this method cannot be applied to clouds at extragalactic 
(i.e. > 100 kpc) distances due to a lack of background 
stars. 

Alternatively, if the HVCs host a detectable stellar pop- 
ulation, their distances could be measured directly us- 



ing the location of the tip of the Red Giant Branch or 
RR Lyrae stars. Identifying stellar populations associated 
with HVCs would therefore provide the measurements of 
both stellar content and distance necessary for constrain- 
ing their possible origins. In particular, stellar associations 
would provide strong support for the theory that some 
HVCs may be extremely low mass galaxies and, as such, 
may likely host stars (see §4.2 for discussion). 

Several groups are currently conducting deep, pointed 
surveys toward compact HVCs (CHVCs) in an attempt to 
identify resolved stars associated with the clouds (Grebel, 
Braun & Burton 2000, Gibson et al. 2001). Although 
these observations are excellent probes for stars close to 
the position of the cloud, there are notable drawbacks 
to this method. Observations of Local Group dwarf 
spheroidals (dSphs) suggest that HI associations with 
dSphs are not necessarily coincident with the galaxies' po- 
sitions ( Carignan et al 1998, St-Germain et al. 1999, Blitz 
k Robishaw 2000) . Furthermore, although only CHVCs 
have been targeted in existing searches, Putman k Moore 
(2001) have shown that the CHVC distribution is not con- 
sistent with the predicted distribution of dark matter halos 
around the Milky Way and that other subsets of the HVC 
family possess properties more similar to those predicted 
for the halos. 

The only existing large-area search for stellar counter- 
parts used digitized POSS plates to examine one square 
degree areas around 264 clouds (Simon k Blitz 2002). 
Although their survey is sensitive to stellar associations 
throughout the Local Group, all 264 clouds were classified 
as non-detections. However, the survey used a nonuni- 
form data set with a poorly characterized surface bright- 
ness limit that is no fainter than the known Local Group 
dwarf galaxies. 

Substantial improvements in survey sensitivity and uni- 
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formity can be made using the Sloan Digital Sky Survey 
(SDSS). SDSS is a unique tool with which to search for 
stellar counterparts to HVCs, providing the means both 
to survey sufficiently large areas to detect displaced stars 
and to efficiently sample a large number of clouds. We 
are currently using SDSS data to conduct a survey for re- 
solved low surface brightness satellites out to the Milky 
Way's virial radius (Willman et al. 2002, hereafter Paper 
I). Our survey also provides a way to statistically inves- 
tigate the possibility of stellar associations with the high- 
velocity clouds on very large scales. Our detection limits 
(calculated in Paper I) provide a template with which to 
interpret the results, whether positive or null, in a quan- 
titative framework. 

In this paper, we present an analysis of 325 square de- 
grees of the SDSS Early Data Release (EDR; Stoughton 
et al. 2002) imaging database. This zero-declination strip 
contains 13 zero-declination HVCs, as cataloged by Put- 
man et al . (2 002). We briefly summarize our survey tech- 
nique in § |2.2j d iscuss the analysis of the SDSS Early Data 
Release in § |2.3| , use the analysis results and survey detec- 
tion limits to constrain the stellar nature of the HVCs in 
§[| and discuss our findings in §4. 

2. OUR SURVEY FOR GALAXIES WITHIN Rvirial 

2.1. The SDSS Early Data Release 

The Sloan Digital Sky Survey (York et al. 2000) will 
eventually image nearly one-quarter of the sky. To date, 
roughly 460 deg 2 of imaging data have been released to the 
general community in the Early Data Release (Stoughton 
et al. 2002). These imaging data are taken in drift-scan 
mode with a camera consisting of 30 2048x2048 CCDs 
(see Gunn et al. 1998) on a dedicated 2.5 m telescope 
at Apache Point Observatory. The sky is observed nearly 
simultaneously through 5 broad-band filters (it, g, r, i and 
z, Fukugita et al. 1996) and the data are 95% complete for 
stellar sources to limiting magnitudes of roughly 22.0, 22.2, 
22.2, 21.3 and 20.5 respectively (Stoughton et al. 2002). 
As the SDSS photometric system is not yet finalized, the 
EDR magnitudes used in this paper will be denoted as 
u* ,g* ,r* ,i* , and z* . The current system will differ abso- 
lutely from the final system by only a few percent in every 
band except for u, where it will differ by no more than 
10% (Stoughton et al. 2002). A combination of accurate 
astrometry (see Pier et al. 2002 for details on the astro- 
metric calibration), color and morphological information 
produces robust star-galaxy separation to a limiting mag- 
nitude of r* = 21.5 (Ivezic et al. 2000). See Hogg et al. 
(2001) for details on the photometric calibration of the 
data and Smith et al. (2002) for a description of the pho- 
tometric system. Because we are looking for extragalactic 
objects, all magnitudes presented in this paper have been 
corrected for reddening due to Galactic extinction with the 
maps of Schlegel, Finkbeiner & Davis (1998). 

2.2. Survey Technique 

Our survey takes advantage of SDSS's major strengths 
(large sky coverage, uniformity, depth, and accurate pho- 
tometry in five bands) to uniformly probe for very low 
surface brightness (LSB) dwarf galaxies, based only on re- 
solved stars. Paper I describes both our survey technique 
and detection limit calculations in detail, but we briefly 



summarize our method here. 

SDSS's faint photometric limits and robust star-galaxy 
separation are such that about a magnitude of a stellar 
population's red giant branch can be resolved out to a dis- 
tance of 350 kpc, roughly equivalent to the Milky Way's 
virial radius. This allows us to identify candidate dwarf 
galaxies as spatial overdensities of resolved stars. We ap- 
ply a red color cut to stellar sources brighter than r* = 
21.5. The color cut, in g* - r* and r* - i*, is designed 
to select stars whose colors are consistent with red giant 
branch colors. Although our cut does not uniquely dis- 
tinguish red giant branch stars from foreground red main 
sequence stars, it does reduce the stellar foreground by 
~ 75%, increasing the contrast of extragalactic sources. 
We then consider bins in r* magnitude, further reducing 
the foreground. Stars which pass the magnitude and color 
criteria arc binned into a spatial density array, which is 
then smoothed with a circularly symmetric exponential fil- 
ter with a scale length of either h=3' or 7'. Candidates are 
automatically identified as 5.5 and 5cr statistical overdensi- 
ties (for the 3' and 7' filter, respectively), in the smoothed 
sky map. Each field of sky is analyzed multiple times, once 
for each r* magnitude bin. 

In Paper I, we calculated our detection limits for purely 
old stellar populations with a range of angular scale 
lengths (1' — 13') and distances (23 - 350 kpc). Figure 
5 in Paper I displays our survey's detailed detection lim- 
its for the stellar foreground at £ ~ 96°, b 60°. The 

surface brightness limits are a function of galaxy size and 
distance, and range between /zy,o ~ 26.7 and 30.1 mag 
arcsec -1 . (For comparison, Sextans is the lowest surface 
brightness Milky Way satellite, with /io,y = 26.2 (Mateo 
1998).) Our detection efficiency rapidly drops off for small 
angular size (< 2') systems, and is insensitive to systems 
more distant than ~ 350 kpc. The limits are not sensitive 
to seeing, because our technique uses only resolved stars 
brighter than the limit for robust star-galaxy separation. 

2.3. Application of the Survey to the EDR 

We have analyzed ~ 325 square degrees of data in 
the SDSS EDR around zero declination between 350° < 
^2000 < 50° and 147° < a 2 ooo < 236°. This region of 
sky contains 10 HVCs, 2 :HVCs (a cloud that could not 
unambiguously be identified as a CHVC), and 1 CHVC 
as cataloged by Putman et al. (2002). We have chosen 
the Putman et al. catalog as a reference for the present 
analysis because it is the most uniform and high resolu- 
tion HVC catalog currently available. Braun and Burton 
(1999) have also cataloged 1 CHVC in the zero-declination 
region covered by the EDR. The Braun and Burton CHVC 
is not coincident with the Putman CHVC, but rather is co- 
incident with a Putman ":HVC" included in this analysis. 

Our analysis produced 20 detections that we are cur- 
rently investigating. It is difficult to say conclusively that 
these stellar detections are not associated with any par- 
ticular HVC, because the gas and stars in low mass Lo- 
cal Group galaxies are not necessarily spatially coincident. 
However, we can show that the spatial displacements be- 
tween the stellar detections and the HVCs are no different 
than we would expect for completely uncorrelated popula- 
tions. To test this, in Figure 1 we show a comparison of the 
distances between the detections and their nearest HVC 
centers with the distances between randomly generated 
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positions and their nearest HVC centers. A Kolmogorov- 
Smirnov test of these data shows that, statistically, none 
of the candidate detections are apt to be associated with 
any of the HVCs in the region. This suggests that any 
stellar population associated with the HVCs must have a 
surface brightness fainter than the limits of our survey. 

3. CONSTRAINTS ON THE POSSIBLE STELLAR CONTENT 
OF THE HVCS 

We now couple our null detections with the survey's de- 
tection limits to place quantitative limits on the stellar 
content of the HVCs, assuming they are located within 
our virial radius. As the detection limits vary with galaxy 
angular size and distance, we have selected two fiducial 
distances (50 and 300 kpc) and sizes (exponential scale 
lengths of 3' and 7') for which to calculate the minimum 
HI mass-to-light ratios of the clouds. We did not sim- 
ply use the semi-major axes of the HVCs' 21 cm emission 
for the fiducial sizes because the radial extents of neutral 
hydrogen and stars within dwarf galaxies are often quite 
different (Young & Lo 1997, Salpeter & Hoffman 1996). 

Table 1 displays both the HI and the constrained stel- 
lar properties of the 13 zero-declination HVCs covered in 
our analysis. Columns 1-5 of Table 1 contain the name, 
«20oo (in degrees), <520oo ( m degrees), peak Nhi (in units of 
10 20 cm~ 2 ) and semi-major axis (in degrees) for each cloud 
as published in Putman et al. (2002). Column 6 contains 
the assumed distance used to calculate: the semi-major 
axis in kpc (column 7); Mhi (in units of 10 5 Mq; column 
8); and the optical detection limits for 3' and 7' sized sys- 
tems (quantified as V-band central surface brightnesses of 
the old stellar population; columns 9 an 11). Mhi was cal- 
culated using M(HI) = .236 x D 2 kpc S (where S is the inte- 
grated line flux in Jy km sec -1 from Putman et al. (2002)). 
We have recalculated the detection limits from Paper I for 
a range of stellar foreground levels corresponding to the 
range of Galactic positions for the zero-declination HVCs. 

To get a sense of how the amount of HI contained in 
these HVCs compares to that contained in known gas- 
rich dwarf galaxies, Figure 2 displays the HI masses of the 
zero-dec HVCs (for assumed distances of 50 and 300 kpc), 
the estimated HI masses of 9 gas-rich Local Group dSphs 
(Tucana - Oosterloo et al. 1996; Phoenix - St-Gcrmain 
et al 1999; DDO 210, Leo I, LGS 3, Pegasus, Sextans, 
Sculptor - Blitz & Robishaw 2000; Antlia - Barnes & de 
Blok 2001), and the HI masses of the PSS-II LSB dwarf 
irregular (dlrr) sample of Schombert, McGaugh and Eder 
(2001). We would like to note that the published HI detec- 
tions of a few of the Local Group dSphs are not definitive 
associations, so the plotted HI masses are upper limits. 
The 9 dSph HI detections in Figure 2 are either those that 
are conclusive associations or those that do not have con- 
clusive evidence that shows otherwise. 

From Figure 2, we see that the dlrr galaxies have much 
higher HI masses than the HVCs, and thus are not close 
analogs for a Local Group population of HVCs. In con- 
trast, the HVCs could contain HI masses that correspond 
to the approximate HI masses of the gas-rich Local Group 
dSphs. 

We calculate lower limits on the neutral hydrogen mass- 
to-light ratio (Mhi/Lv) of the HVCs (columns 10 and 
12) using the limiting surface brightnesses from columns 
9 and 11. Specifically, we calculate a lower limit on the 



M HI /L V for all of these clouds with (.236 x 5)/(10 6 x 
1O q(-Mv/5-i+Mv, /5)) ; ^ere we derive M v by integrat- 
ing over an exponential galaxy profile normalized to the 
limiting central surface brightness. Mhi and luminosity 
both scale as D 2 , so the limiting Mhi/Lv ratio is inde- 
pendent of cloud distance, aside from the dependence of 
V-OMmit on distance. 

Figure 3 displays a comparison between our lower limits 
to Mhi/Lv for zero-dec HVCs, the estimated Mhi/Lv of 
Local Group dSphs and the Mhi/Lv of the PSS-II dlrrs. 
The available PSS-II data is in the I-band, but we con- 
vert to the corresponding V-band measurement for an old 
stellar population by using < V — I >^ 0.75 for elliptical 
galaxies from Pildis et al. (1997). 

The Mhi/Lv lower limits for the HVCs range from 
about 0.2 to 250. The calculated minimum Mhi/Lv for 
many of the HVCs are similar to those of known gas- 
rich dwarf galaxies, despite our faint detection limits (i.e. 
they may not be particularly faint in the optical compared 
to their very low HI masses). Even so, Figure 3 shows 
that ~ 40% of the HVCs with assumed distances of 300 
kpc have Mhi/Lv greater than that of all known Local 
Group dSphs, and that 3/5 of that 40% also have Mhi/Lv 
greater than the entire PSS-II dwarf sample. If shown to 
be within dark matter halos, these HVCs would be among 
the most gas rich self-gravitating galaxies observed to date. 

4. IMPLICATIONS OF NON-DETECTIONS 

The import of a non-detection clearly depends on 
whether or not a cloud is closer than 350 kpc. If an HVC 
is more distant than 350 kpc, then we can place abso- 
lutely no constraints on its stellar content. It is possible 
that a fraction of the HVCs in our sample are indeed at 
large distances. Although upper distance limits from ab- 
sorption line studies and observed head-tail morphologies 
would imply inner halo locations, we do not know of any 
such published analyses applied to any cloud in this sam- 
ple (see Wakker 2001 for compendium of absorption line 
estimates; Brims et al. 2000; Quilis & Moore 2001 ). 

However, if one believes the many indirect estimates of 
HVC distances that place a large fraction of the clouds 
closer than several hundred kiloparsecs (Bland-Hawthorn 

6 Maloney 1999, Weiner et al. 2001, Blitz et al. 1999, 
Quilis & Moore 2001), it is logical to expect at least some 
of these clouds to be within our virial radius. 

As further evidence that at least some of the 13 clouds 
are nearby, surveys for HI clouds outside of the Local 
Group have failed to identify starless clouds with M ;> 

7 x 10 6 M Q (Zwaan 2001, Zwaan & Briggs 2000). This 
observation suggests that the HVCs must either be suf- 
ficiently close that their HI masses fall below the Zwaan 
limit, or should host a stellar population detectable by ex- 
isting Local Group surveys. If located beyond our virial 
radius, four of the 13 HVCs have masses that rival the 
Zwaan limit but do not appear to have a detectable stellar 
population. Therefore, it is quite likely at least all four of 
those clouds fall within our survey volume. 

4.1. Stars as a Distance Determination Tool for HVCs 

Clouds in our analysis closer than 350 kpc either have: 
i) no associated stars; ii) a stellar population fainter than 
our detection limits and a mass-to-light ratio, M^/Ly, 
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higher than that given in Table 1; or Hi) a stellar popu- 
lation with a very small angular scale length (<J 1') but 
brighter than our given detection limits. For clouds that 
do contain stars, as in cases ii) and Hi), most other survey 
methods would also not be able to efficiently uncover such 
faint or small populations. Pointed searches can probe 
deeper and to greater distances than large-scale surveys of 
resolved stars, but they are much less efficient and may 
have difficulty associating very small scale length systems 
with an HVC. Large-scale surveys based of resolved stars 
could reach fainter limits only with prohibitively deeper 
exposures, with a priori assumptions about the undetected 
stellar populations (Odcnkirchcn ct al. 2001), or with sur- 
veys for very specific stellar types (e.g. Horizontal Branch 
and RR Lyrae; Yanny et al. 2000, Ivezic et al. 2000) that 
are only effective in the inner halo. Therefore, although 
our sample size is small, our detection limits arc faint 
enough to conclude that stellar populations are unlikely 
to be an efficient or effective distance determination tech- 
nique to HVCs within our virial radius. A large-scale sur- 
vey for overdensities of diffuse light using more recent and 
uniform data (such as SDSS) than available for past sur- 
veys (Simon & Blitz 2002; Armandroff, Jacoby & Davies 
1998; Dalcanton et al. 1997) holds promise for efficiently 
improving existing limits on the possible stellar content of 
HVCs located beyond our virial radius. 

4.2. HVCs as "Missing" Galaxies 

There is a substantial body of circumstantial evidence 
to support the theory that a subset of high- velocity clouds 
inhabit some of the numerous low mass dark matter halos 
predicted by the current paradigm of structure formation, 
yet notably missing from our observations of the Local 
Group of galaxies (Blitz et al. 1999, Braun & Burton 
2000, among others). For example, Blitz and Robishaw 
(2002) show that the masses and HI morphologies of many 
HVCs are consistent with the HI associated with Local 
Group dSphs. Furthermore, low mass analogues to known 
extremely gas-rich LSB galaxies (McMahon et al. 1990; 
O'Neil, Bothun & Schombert 2000; Schombert, McGaugh 
& Eder 2001) may easily have gone undetected in past 
surveys for Local Group galaxies. 

We can use existing evidence to evaluate the likelihood 
of a gas-rich dark matter halo occurring within our sur- 
vey's volume, and discuss the prospects for such halos 
to host stars. This will allow us to show that our non- 
detection of stars places few limits on missing galaxy ex- 
planations for the HVCs. 

4.2.1. Predictions From N-body Simulations 

ACDM simulations predict ~ 300 sub-halos within the 
virial radius of the Milky Way with masses greater than 
or equal to the least massive known Milky Way compan- 
ions (v c > 10 km sec -1 , where v c = (GM/r) 1 ^ 2 ; Moore et 
al. 1999). The expected number of halos increases steeply 
with decreasing mass, so ~ 200 more sub-halos are ex- 
pected with 5 km sec -1 <; v c <J 10 km sec -1 (Moore et al. 
1999), and perhaps yet more at smaller masses. Assum- 
ing a uniform distribution within the 325 square degree 
survey area, this translates to roughly 2-3 halos similar to 
those of known dwarf satellites, and a comparable number 
of lower mass halos. Thus, it is reasonable to expect a 



small number of low mass dark matter sub-halos within 
our survey volume in a ACDM cosmology. 

These low mass, dark matter halos may or may not con- 
tain a detectable amount of neutral hydrogen. Numerous 
physical arguments can be invoked to suggest that v c <J 30 
km sec -1 halos (particularly those that contain stars) are 
unlikely to host neutral gas (Quinn, Katz & Efstathiou 
1996; Bullock, Kravtsov, & Weinberg 2000; Ferrara & Tol- 
stoy 2000). However, empirical evidence suggests that low 
mass halos can host both stars and gas. 3 of the Milky 
Way's 9 dSphs (Leo I, Sculptor, and Sextans) potentially 
have HI associations (Blitz and Robishaw 2000). All 3 of 
these dSphs are less massive than v c ~ 15 km sec -1 and 
closer than ~ 250 kpc. The Sculptor detection is some- 
what ambiguous because it is part of a larger cloud com- 
plex that may be mixed in with the Magellanic Stream 
(Putman 2000), and the Sextans detection is only a few 
sigma and has yet to be confirmed by other radio observa- 
tions. These existing observations imply that ~ 10 — 30% 
of Milky Way sub-halos are gas-rich. Of course, the true 
gas-rich fraction is complicated by several observational 
effects, including: halos that are gas-rich due to ineffi- 
cient star formation may not have been detected in Local 
Group surveys, and the lowest mass halos will more eas- 
ily be stripped of their gas by feedback and tidal forces. 
Despite these uncertainties, it is reasonable to expect no 
more than 2-3 of the 4-6 sub-halos expected in our sur- 
vey volume to be detectable as HVCs, if any (assuming 
Poisson statistics). Thus, although it is possible that a 
dark matter bound cloud exists in our survey, the volume 
sampled is not yet large enough to make this a statistical 
certainty. 

4.2.2. Possible Stellar Content of Sub-Halos 

As discussed in §4, any HI rich dark matter halo within 
our survey volume is either starless, contains a stellar pop- 
ulation many times fainter than all known Milky Way 
satellites, or contains a very small scale length stellar pop- 
ulation. According to Benson et al. (2002), an My = —7 
(~ 5x fainter than the faintest known Milky Way dSph) 
galaxy is expected to have a half-mass angular radius of 
1.5' at a distance of 300 kpc. Therefore, the prospect of a 
small angular scale length system much brighter than our 
detection limits seems unlikely. With our small sample, it 
is neither productive nor possible to further consider which 
of those three options would be the most likely for any of 
these 13 clouds, were they shown to inhabit a dark matter 
halo. Studies which directly probe for dark matter asso- 
ciated with the clouds, such as that suggested by Lewis 
et al. (2000), may ultimately be the best test of theories 
that place HVCs within dark matter halos, although our 
current sample is too small to say one way or the other. 

It is quite possible that one/some of the predicted 2-6 
gas-poor dark matter halos in the surveyed region do con- 
tain stars. We are currently investigating whether any of 
our 20 detections actually represent a new low luminosity 
dwarf galaxy. 

5. CONCLUSION 

We have used our non-detections of stars associated with 
13 HVCs to place new constraints on their stellar content. 
We have shown that many of the 13 clouds have HI masses 
and (minimum) HI mass-to-light ratios similar to those of 
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known dSphs, if the clouds are closer than 350 kpc. Also, 3 
of the HVCs have minimum Mhj /L that would place them 
among the most gas-rich galaxies, if shown to reside in a 
dark matter halo. Given our results, and those of Simon 
and Blitz (2002), stellar populations appear unlikely to be 
a promising distance determination technique for a large 
number of HVCs. However, the continued pursuit of stel- 
lar associations with HVCs is a worthwhile endeavor, as 
strong circumstantial evidence suggests that some fraction, 
however small, of the HVCs are likely to host a detectable 
low surface brightness (LSB) galaxy. 

As there are only 1-3 known gas-rich Milky Way dSph 
satellites, the discovery of any nearby gas-rich stellar as- 
sociation would substantially increase the sample and pro- 
vide insights into extremely low-mass galaxy evolution. 
We are currently pursuing the prospect that some of our 
20 detections may actually be a new LSB HI poor Milky 
Way satellite. 

As our present survey volume is too small to unques- 
tionably contain any of the "missing" low mass, dark mat- 
ter halos predicted by ACDM cosmology, we cannot place 
limits on missing galaxy explanations for the HVCs. How- 
ever, the analysis performed in this work will be applied 
to survey quality SDSS data as it becomes available, and 
then correlated with the current and future HVC catalogs 
of Putman et al. (HIPASS) and de Heij et al. (2002) (Lei- 
den/Dwingeloo HI Survey). The completed Sloan Survey 
will cover ~ 125 x more area than we have presented in 
this paper, guaranteeing that "missing" dark matter halos 
would be well represented in our survey volume (provided 
ACDM is correct). Our future analysis of the SDSS will en- 
able us to apply the arguments presented here to hundreds 
of clouds, a sample large enough for us to do a concrete 
statistical assessment of their nature. 
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Fig. 1. — Cumulative distribution functions of the distances between our detections and the nearest HVC center and the distances between 
a random distribution of points and the nearest HVC center. 
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Fig. 2. — Comparison between the HI masses for the HVCs with assumed distances of 50 and 300 kpc, the gas-rich Local Group dSphs 
(Oosterloo et al. 1996; St-Germain et al 1999; Blitz & Robishaw 2000; Barnes & de Blok 2001), and the PSS-II sample of dlrrs (Schombert, 
McGaugh and Eder 2001). All of the dSphs and dlrrs in panels 2 and 3 would have easily been detected in our survey, were they located 
within the Milky Way's virial radius. 
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Fig. 3. — Comparison between the lower limits for the zero-declination HVCs from our analysis and the M^fj/L distribution of the 

Local Group dSphs and the PSS-II sample of dlrrs (Schombert, Bothun and Edcr 2001). 



10 



High- Velocity Clouds in the EDR 



Table 1 

Constraints on Zero-Declination HVC Properties 



Name" 


a 2000 a 


<^2000 a 




MAJ°' b 


dist° 


MAJ 


M H i 


d 


M HI d 




M HI d 


11 ± bb ± vvv 


(o) 


(o) 


(10 20 cm" 2 ) 


(o) 


(kpc) 


(kpc) 


(10 5 M ) 


(3') 


(3') 


(f) 


(7') 


1 :HVC 113.0-63.2-310° 


8.40 


-0.67 


0.03 


0.30 


50 


0.26 


0.02 


28.0 


0.6 


28.9 


0.3 












300 


1.57 


0.57 


29.5 


2.3 


30.4 


1.1 


2 HVC 124.7-61.9-28 


13.70 


0.92 


0.02 


0.40 


50 


0.35 


0.01 


28.0 


0.4 


29.0 


0.2 












300 


2.09 


0.38 


29.5 


1.6 


30.5 


0.7 


3 HVC 158.1-58.6-298 


30.33 


-0.57 


0.04 


0.20 


50 


0.17 


0.03 


28.1 


1.2 


29.0 


0.5 












300 


1.05 


1.08 


29.6 


5.0 


30.6 


2.3 


4 HVC 160.6-57.5-296 


32.03 


-0.38 


0.06 


0.30 


50 


0.26 


0.12 


28.1 


5.1 


29.0 


2.2 












300 


1.57 


4.46 


29.6 


20.8 


30.6 


9.6 


5 HVC 167.0-55.6-172 


36.00 


-0.85 


0.02 


0.20 


50 


0.17 


0.01 


28.1 


0.4 


29.0 


0.2 












300 


1.05 


0.38 


29.6 


1.8 


30.6 


0.8 


6 HVC 170.7-52.2-193 


39.88 


0.38 


0.36 


0.20 


50 


0.17 


0.36 


28.1 


15.1 


29.1 


6.7 












300 


1.05 


13.08 


29.6 


63.0 


30.6 


28.9 


7 :HVC 171.0-53.6-237° 


39.05 


-0.82 


0.41 


0.50 


50 


0.44 


1.19 


28.1 


49.3 


29.1 


21.8 












300 


2.62 


42.82 


29.6 


205.4 


30.6 


94.4 


8 CHVC 173.3-52.1-225 


41.12 


-0.60 


0.22 


0.30 


50 


0.26 


0.25 


28.1 


10.4 


29.1 


4.6 












300 


1.57 


9.01 


29.7 


43.5 


30.6 


20.0 


9 HVC 254.1+53.3+105 


166.15 


0.88 


0.25 


0.30 


50 


0.26 


1.18 


28.0 


43.0 


28.8 


18.0 












300 


1.57 


42.48 


29.4 


160.0 


30.4 


72.7 


10 HVC 261+55+124 


170.60 


-0.08 


0.23 


3.50 


50 


3.05 


1.85 


27.9 


65.9 


28.8 


27.4 












300 


18.33 


66.59 


29.4 


244.6 


30.3 


110.6 


11 HVC 339.5+56.6-110 


212.00 


-0.68 


0.06 


0.30 


50 


0.26 


0.04 


27.5 


0.9 


28.3 


0.4 












300 


1.57 


1.44 


29.0 


3.7 


29.8 


1.5 


12 HVC 081.2-54.8-279 


350.35 


0.57 


0.09 


0.30 


50 


0.26 


0.12 


27.9 


4.2 


28.8 


1.7 












300 


1.57 


4.46 


29.3 


15.7 


30.3 


7.0 


13 HVC 091.7-58.3-273 


357.08 


0.67 


0.10 


0.20 


50 


0.17 


0.10 


27.9 


3.4 


28.8 


1.4 












300 


1.05 


3.46 


29.4 


12.7 


30.3 


5.8 



a from Putman ct al. (2002) 

b Scmi-major axis of the HI clouds' Full Width, Half Power ellipse 

c fiducial distance, not actual distance 

d lower limit for a purely old stellar population 

°:HVC designation refers to clouds that could not be unambiguously classified as a CHVC (Putman et al. 2002) 



